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(57) A wear-resistant and flame-retardant resin 
composition formed by kneading components (a) 
through (e) at a proportion in a specific range, wherein: 

the component (a) is a copolymer of ethylene and 
a-olefin having a melt index in a range of 0.1 - 5 g/ 
10 min., containing comonomers in a range of 10 - 
30 wt%, and containing one or more oxygen atoms 
in the molecule, 

the component (b) is linear chain polyethylene of 



low density having a melt index in a range of 0.1 - 

5 g/10 min., a density in a range of 0.920 - 0.945, 

and a durometer hardness of 50 - 65, 

the component (c) is polyolefin having a durometer 

hardness of not less than 60, 

the component (d) is unsaturated carboxylic acid or 

polyolefin modified by a derivative thereof, and 

the component (e) is a metal hydroxide. 

The composition \s used as an insulating coating on an 
electric wire. 
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Description 

BACKGROUND OF THE INVENTION 

£ 1 . Field of the Invention 

The present invention relates to a wear-resistant and flame-retardant resin composition containing a polyolefin 
resin as a main component thereof, a method of manufacturing the wear-resistant and flame-retardant resin compo- 
sition and an insulated electric wire comprising the wear-resistant and flame-retardant resin composition as an insu- 
10 lating coating. 

2. Description of Related Art 

As the main insulating coating material for use in insulated electric wires of a vehicle, polyvinyl chloride resin has , 
is been hitherto adopted in view of its appropriate flexibility and flame retardancy. 

However, the electric wire has a problem that when it is burned to discard the vehicle, hydrogen chloride gas is 
generated because the insulating coating material is burned in a stove, thus damaging the stove and being exhausted 
to the atmosphere and polluting the environment. 

In order to solve the problem, in recent years research has been conducted for a flame-retardant resin composition 
20 not containing halogen components such as chloride as the insulating coating material of the electric wire. As disclosed 
in Laid-Open Japanese Patent Publication No. 5-301 996, a resin composition consisting mainly of a mixture ot polyolefin 
and a metal hydroxide has been proposed. 

However, this kind of conventional flame-retardant resin composition has a problem in that it is less flexible or less 
bendabie than polyvinyl chioride. In addition, the degree of its mechanical strength such as wear resistance and tensile 
25 strength is low because a large quantity ofthe metal hydroxide is mixed with the polyolefin to allow the resulting resin 
composition to be flame-retardant 

SUMMARY OF THE INVENTION 

30 Therefore, it is an object of the present invention to provide a wear-resistant and flame-retardant resin composition 

which does not generate harmful gas when it is burned and which has a high degree of flexibility, flame retardancy, 
and wear resistance, although the wear-resistant and flame-retardant resin composition may contain a smaller amount 
of metal hydroxide than a conventional composition. It is a further object of the invention to provide a method of man- 
ufacturing the wear-resistant and flame-retardant resin composition. It is a still further object of the invention to provide 

35 an insulated electric wire comprising the wear-resistant and flame-retardant resin composition. 
In one aspect of the present invention, 
there is provided a wear-resistant and flame-retardant resin 

composition containing the following components (a) - (e), such that the parts by weight of each of the components 

(a) , (b), (c), and (d) is not less than five; the parts by weight of component (c) is less than or equal to the parts by weight 
40 of component (d), and the parts by weight of component (a) is less than or equal to the parts by weight of component 

(b) ; the total of the components (a), (b), (c), and (d) is 100 parts by weight; and the parts by weight of the component 
(e) is 40 - 150. The component (a) is a copolymer of ethylene and a-olefin having a melt index in a range of 0.1 - 5 g/ 
10 min. containing the a-olefin comonomer in a range of 10-30 wt%, and containing one or more oxygen atoms in the 
molecule. The component (b) is a linear chain polyethylene of low density having a melt index in a range of 0.1 - 5 g/ 

45 10 min., a density in a range of 0.920 - 0.945, and a durometer hardness (shore D) of 50 - 65. The component (c) is 
polyolefin having a durometer hardness (shore D) of not less than 60. The component (d) is unsaturated carboxylic 
acid or polyolefin modified by a derivative thereof. The component (e) is a metal hydroxide. 

In another aspect ofthe present invention, there is provided a method of manufacturing the wear-resistant and 
flame-retardant resin composition, comprising the steps of kneading the material components (a), (b), (d), and (e), 
adding the material component (c) to the kneaded mixture, and kneading the material component (c) with the mixture. 

In still another aspect of the present invention, there is provided an insulated electric wire comprising the wear- 
resistant and flame-retardant resin composition as an insulating coating on a periphery of a conductive core of the wire. 

BRIEF DESCRIPTION OF THE DRAWING 

55 

Fig. 1 is a graph showing the relationship between the content of comonomer and wear resistance of the compo- 
sition of the invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



The material component (a) which is used in the present invention may include, for example, a copolymer of 
ethylene and vinyl acetate, a copolymer of ethylene and ethyl acrylate, and a copolymer of ethylene and methyl meth- 
acrylate. Because the copolymer of ethylene and a-olefin containing one or more oxygen atoms in the molecule thereof 
is essentially more flame-retardant than ordinary olefin resins, it contributes to the reduction in the addition amount of 
the metal hydroxide. 

The melt index of the material component (a) is in a range of 0.1 - 5 g/10 min. If the melt index is less than 0.1 g/ 
1 0 min., extrusion processability of the resin composition may deteriorate, whereas if the melt index is more than 5 g/ 
10 min., the degree of the mechanical strength of the wear-resistant and flame-retardant resin composition, such as 
the tensile strength and wear resistance, may become low. 

The content ofthe a-olefin comonomers ofthe copolymer is 10 - 30 wt%. A method of evaluating the characteristic 
of each wear-resistant and flame-retardant resin composition, which will be described later, indicates that if the content 
ofthe comonomer is less than 10 wt%, the degree of the flame retardancy, chalking resistance and flexibility of the 
wear-resistant and flame-retardant resin composition may be low, whereas if the content of the comonomers is more 
than 30 wt%, the mechanical strength ofthe wear-resistant and flame-retardant resin composition, such as the tensile 
strength and wear resistance, is low. For example, the wear resistance of the copolymer of ethylene and vinyl acetate 
is less than 200 times, which is a target value when the comonomer content thereof exceeds 30 wt%, as shown in Fig. 
1 . When the content of the comonomer ofthe copolymer is in the range of 10-30 wt%, all the required characteristics 
are preferably balanced with one another 

If the copolymer of ethylene and a-olefin is contained in the composition in an amount less than five parts by 
weight, the wear-resistant and flame-retardant resin composition may lack flexibility, and thus may lack cold resistance 
and chalking resistance. If the parts by weight of the copolymer of ethylene and a-olefin is more than that of the material 
component (b) in parts by weight, the wear-resistant and flame-retardant resin composition may have an excessive 
degree of flexibility. Consequently, the wear-resistant and flame-retardant resin composition may lack the wear resist- 
ance and tensile strength required to be used as the coating resin of an electric wire. 

It is to be noted that the copolymer ofthe ethylene and a-olefin used in the present invention has a block structure 
or a random structure. The characteristics of a copolymer of the ethylene and a-olefin having the block structure is 
similar to that of a copolymer of the ethylene and a-olefin having the random structure. 

As the material component (c), polyethylene having a high density and polypropylene may be utilized, for example. 
The resin composition should contain not less than five parts by weight ofthe polyolefin having a durometer hardness 
not less than 60 to impart a sufficient degree of strength to the wear-resistant and flame-retardant resin composition. 

Because the linear chain polyethylene of low density of the material component (b) has a property intermediate 
between the material components (a) and (c), it displays the function of acting as an intermediary between the two 
kinds of polymers, thus allowing the strength ofthe wear-resistant and flame-retardant resin composition to be higher 
than a resin composition not containing the material component (b). 

The linear chain polyethylene of low density has a melt index of 0.1 - 5 g/1 0 min. If the melt index is less than 0. 1 
g/1 Omin., the extrusion processability of the resin composition is likely inferior, whereas if the melt index is more than 
5 g/10 min., the mechanical strength, such as the tensile strength and wear resistance, may deteriorate. The density 
of the material component (b) is 0.920-0.945. If the density is not in the range, the mechanical strength of the wear- 
resistant and flame-retardant resin composition, such as the tensile strength and wear resistance, may not be balanced 
with the flexibility and the extrusion processability thereof. The durometer hardness of the materia! component (b) is 
in a range of 50-65. If the durometer hardness is less than 50, the wear-resistant and flame-retardant resin composition 
may lack mechanical strength such as tensile strength and wear resistance, whereas if the durometer hardness is 
more than 65, an appropriate flexibility ofthe resin composition may not be obtained. 

The material component (d) increases the adhesiveness at the interface between the polymer component con- 
sisting ofthe resin composition and the metal hydroxide serving as a filler, thus having an action of increasing the 
mechanical strength of the wear-resistant and flame-retardant resin composition such as the wear resistance and 
tensile strength thereof and chalking resistance thereof. The wear-resistant and flame-retardant resin composition 
should contain not less than five parts by weight of the material component (d). if the addition amount of the material 
component (d) 'is less than five parts by weight or less than that of the material component (c), the improvement of the 
strength of the. wear-resistant and flame-retardant resin composition may not be accomplished sufficiently because 
the function of component (d) of improving the adhesiveness at the interface between the polymer component and the 
filler may not be displayed sufficiently and further, the improvement of the chalking resistance of the resin composition 
may be insufficient. Further, the modified polymer accelerates the generation of a cinder, thus contributing to the im- 
provement in the flame retardancy ofthe wear-resistant and flame-retardant resin composition and reducing the addition 
amount of the metal hydroxide. 

Also, in some embodiments, the material component (d) may be present in an amount/for example, more than 
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the polyolefin of the material component (c). 

As the unsaturated carboxylic acid, maleic anhvdride is most favorable. As the polyolefin modified by derivative 
of unsaturated carboxylic acid, crystalline polyolefins such as polypropylene, polyethylene of a high density, linear 
chain polyethylene of a low density and polyethylene of a low density are most preferred. • 

As this kind of adhesive polymer, in addition to the modified crystalline polyolefins, substances formed by modifying 
an amorphous polymer such as an ethylene-a-olefin copolymer or the like by means of unsaturated carboxylic acid is 
available. But according to experiments made by the present inventors, it is confirmed that these substances have little 
effect in improving the wear resistance and tensile strength of the wear-resistant and fiame-retardant resin composition. 

As the material component (e), magnesium hydroxide, aluminum hydroxide, and calcium hydroxide are preferable. 
Preferably, the average diameter of particles ofthese metal hydroxides is 0.1 - 5 |im in view ofthe dispersibiiity thereof 
into the polymer, the workability, and the characteristic of electric wires. Even if the average diameter of particles ofthese 
metal hydroxides exceeds this range, the object ofthe present invention may still be achieved. Further, preferably, in 
order to prevent the agglomeration of the metal hydroxides, improve the degree of the dispersibiiity thereof jnto the 
polymer, and improve the degree of the adhesiveness thereof to the polymer, it is preferable to use as the material 
component (e) a material in which the surface is treated by using silane coupling agent, titanate coupling agent, aliphatic 
acid, metallic salt of aliphatic acid, or the like. 

Further, to enhance the degree of the flame retardancy of the wear-resistant and fiame-retardant resin composition, 
a fiame-retardant assistant such as hydrotalcite, silica, carbon black, zinc borate or a compound of phosphorous may 
be added. Further, antioxidant, lubricant, dispersant, copper inhibitor, crosslinking agent, crosslinking assistant or col- 
orant may be added to the mixture of components which form the wear-resistant and fiame-retardant resin composition. 
Further, one or more of the polymers may be crosslinked by various crosslinking methods. 

In kneading the above-described respective materia! components, preferably after the polymer of the above-de- 
scribed material component (a), that of the material component (b), the material of component (d) and the metal hy- 
droxide of the material component (e) are kneaded, the polyolefin of the material component (c) is added to the mixture 
of the material components (a),(b),(d) and (e). Then, the mixture of the material components (a),(b),(d) and (e) and 
the polyolefin of the material component (c) are kneaded. 

The reason that this method is particularly effective is believed to be because, essentially, the polyolefin of the 
material component (c) and the metal hydroxide adhere to each other at a very low degree. Thus, when the addition 
amount of the polyolefin of the material component (c) is so large as to provide the resin composition with a sufficient 
degree of flame retardancy, the strength of the entire resin composition deteriorates greatly, which is the main cause 
of the deterioration in the wear resistance and tensile strength thereof and the occurrence of the chalking phenomenon. 
The polymer of each of the above-described material components (a), (b) and (d) has a higher degree of adhesiveness 
to the metal hydroxide than the polyolefin of material component (c). Thus, when these material components are knead- 
ed all together, the polymers surround the entire periphery of the particles of the metal hydroxide. Then, when the 
polyolefin and the mixture are kneaded, particles of the metal hydroxide surrounded with the polymers are dispersed 
in the polyolefin. The degree of the adhesiveness of the polyolefin to the other polymers is much higher than that of 
the affinity of the polyolefin for the metal hydroxide. Thus, the particles of the metal hydroxide are surrounded with the 
polymer of each of the material components (a), (b), and (d) which have a comparatively higher degree of adhesiveness 
thereto, and the polymers are surrounded with the polyolefin. 

Thus, the manufacturing method ofthe present invention allows the three components to adhere to each other at 
a much higher degree than the conventional method in which the polyolefin contacts particles of the metal hydroxide. 
Therefore, the entire resin composition is allowed to have a sufficient degree of flame retardancy owing to the addition 
of the metal hydroxide at the same proportion as the conventional compositions, to have an enhanced mechanical 
strength such as wear resistance and tensile strength, and to have an improved degree of flexibility and chaJking 
resistance. 

As described above, according to the wear-resistant and fiame-retardant resin composition of the invention, the 
ethylene-a-olefin copolymer containing one or more oxygen atoms in its molecule has a higher degree of flame retar- 
dancy than ordinary olefin resins. Further, the generation of a cinder can be accelerated at the time of burning by the 
unsaturated carboxylic acid or the polyolefin modified by a derivative thereof. Thus, the entire polymer is allowed to 
have an improved degree of flame retardancy. Therefore, the addition proportion ofthe metal hydroxide serving as the 
fiame-retardant agent is reduced by that much, and yet the wear-resistant and fiame-retardant resin composition has 
an effect that it is allowed to secure a high degree of flame retardancy and maintain a high degree of mechanical 
strength such as wear resistance and tensile strength. 

According to the manufacturing method ofthe invention, excluding the polymer ofthe material component (c) lacking 
the adhesiveness to the metal hydroxide, the other polymers and the.metal hydroxide are kneaded: Then, the polymer 
of the material component (c) is added and the mixture is kneaded. Thus, the polymers adhere to the metal hydroxide 
at a high degree. Thus, the wear-resistant and fiame-retardant resin composition has an excellent effect that the flame 
retardancy, tensile strength, flexibility, and chalking resistance can be enhanced. 
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According to the invention, because the resin composition according to the invention is used as the insulating 
coating of an electric wire, there can be provided an insulated electric wire which has a high mechanical strength, can 
be bent at a high degree, and further, is superior in flame retardancy. 

Some examples of the present invention will be described below. 

As examples 1 -4 of the present invention, a copolymerof ethylene and vinyl acetate - (A) (melt index = 0.8, content 
of vinyl acetate = 20%), linear chain polyethylene of a low density - (A) (melt index = 0.8, density = 0.935, durometer 
hardness = 57), high density polyethylene modified by a derivative of unsaturated carboxylic acid, polypropylene mod- 
ified by a derivative of unsaturated carboxylic acid, magnesium hydroxide, and red phosphorus are kneaded in the 
proportions shown in Table 1 . Then, polyethylene of a high density - (A) (durometer hardness = 65) or polypropylene 
- (A) (durometer hardness = 69) are added to the kneaded mixture in the proportions shown in Table 1 to'produce a 
resin composition. 

As comparison samples 1-6, a copolymer of ethylene and vinyl acetate - (A), a copolymer of ethylene and vinyl 
acetate - (B) (melt index = 70, content of vinyl acetate = 42%), linear chain polyethylene of a low density - (A), linear 
chain polyethylene of a low density - (B) (melt index = 32, density = 0.916, durometer hardness = 48), modified high 
density polyethylene, modified polypropylene, magnesium hydroxide, and red phosphorus are kneaded in the propor- 
tions shown in Table 2. Then, polyethylene of a high density - (A), polyethylene of a high density - (B) (durometer 
hardness = 55), polypropylene - (A), or polypropylene - (B) (durometer hardness = 58) are added to the kneaded 
mixture at the proportion shown in Table 2 to produce a resin composition. The methods of manufacturing the resin 
composition of examples 1-4 and comparison samples 1-6 are described below 

Initially, a mixture of all the polymers except the polyolefin of the material component (c), a flame-retardant agent, 
and mixing agents is stirred by a Henschel mixer. Then, the mixture is put into a kneader of pressurizing type whose 
temperature is set to 180°C to knead the mixture. When the temperature of the mixture is in the vicinity of 150°C, the 
polyolefin of the material component (c) is put into the kneader and the mixture containing all the polymers is kneaded. 
When the temperature of the mixture is 1 80°C - 1 90°C, the kneading is terminated. Then, the mixture is taken out from 
the kneader and transferred to a feeder of a single screw granulation extruder whose temperature is set to 170°C. 
While a cutter portion of the feeder is being cooled with water whose temperature is set to 80°C, the mixture is gran- 
ulated. The obtained pellet is dehydrated/dried. 

In comparison sample 7 shown in Table 2, the polyolefin of the material component (c) is not added to a prior 
mixture of all of the other material components. Instead, all of the material components including material component 
(c) are kneaded together at the same time in order to produce the resin composition. 

As the copolymer of ethylene and vinyl acetate, Ultracen (trade name) manufactured by Toso Co., Ltd is used. As 
the linear chain polyethylene of a low density, Jayiex (trade name) manufactured by Japan Polyolefin Co., Ltd is used. 
As the linear chain polyethylene of a high density, Jayiex (trade name) manufactured by Japan Polyolefin Co., Ltd is 
used. As the modified high density polyethylene, Adtex ER (trade name) manufactured by Japan Polyolefin Co., Ltd 
is used. As the modified polypropylene, Adtex ER (trade name) manufactured by Japan Polyolefin Co., Ltd is used. It 
is to be rioted that the copolymer of ethylene and vinyl acetate in the examples 1 -4 and comparison examples 1 -7 has 
the block structure. 

A pellet of each ofthese resin compositions formed as described above is put into an electric wire extruder whose 
temperature is set to 210°C to extrude each resin composition formed in a thickness of 0.3 mm around the periphery 
of copper core wire to form thin electric wires. The following characteristics ofthe resin compositions are evaluated: 

(1) Flame retardancy: Using a Bunsen burner having a diameter of 10 mm, the leading end of reducing flame is 
applied to the lower side at the center of each sample electric wire having a length of 300 mm and supported 
horizontally until it is burned within 30 seconds. Then, the reducing flame is removed quietly from each sample, 
and the burned degrees ofthe samples are examined. 

(2) Wear resistance: At a room temperature of 23 ± 5 P , the insulation coating surface of each electric wire sample 
having a length of 750 mm fixed to a table is worn with a blade reciprocated axially in a length not less than 10 
mm. The blade is reciprocated at a speed of 50 or 60 times per minute to measure the reciprocated number of 
times before the blade contacted each conductor as a result ofthe wear-out ofthe insulation material. Then, the 
samples are moved 100 mm and rotated 90° clockwise to carry out the above-described measurement repeatedly. 
This measurement is carried out four times on each sample and a minimum value is determined as the wear 
resistance. 

(3) Chalking resistance: Each sample electric wire is wound quietly several times on each cylinder having a radius 
of 6 mm to check the chalked degree of the surface thereof visually. 

(4) Extrusion processability: The extruding processability is determined collectively from a high speed extruding 
characteristic and the appearance of each sample electric wire. 



The results are shown in Tables 1 and 2. 
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Table 1 



[l 


E-1 


E-2 


E-3 


E-4 




Copolymer of ethylene and vinyl acetate - A 


30 


25 


25 


30 


Copolymer of ethylene and vinyl acetate-B 










Linear chain polyethylene of low density - A 


45 


50 


40 


40 


Linear chain polyethylene of low density - B 










Polyethylene of high density - A 




5 






Polyethylene of high density - B 










Polypropylene - A 


10 




10 


10 


Polypropylene - B 










Modified polyethylene of high density 




20 






Modified polyethylene 


15 




25 


20 


Magnesium hydroxide 


80 


50 


70 


120 


Red phosphorus 




2 


1 




Flame retardancy (horizontal burning test) 


P 


P 


P 


P 


Wear resistance (blade reciprocating method) 1 (unit: number of times) 


B29 


890 


931 


438 


Tensile strength (unit: MPa) 


24 


27 


29 


21 


Elongation (unit: %) 


633 


547 


659 


681 


Chalking resistance 


P 


P 


P 


P 


Extrusion processability 


P 


P 


P 


P 


■Flexibility 


P 


P 


P 


P 


| Where E denotes example of the invention and P denotes preferable. 



Table 2 





C1 


C2 


C3 


C4 


C5 


C6 


C7 


Copolymer of ethylene and vinyl acetate - A 




25 


3 




30 


40 


24 


Copolymer of ethylene and vinyl acetate - B 


30 






30 








Linear chain polyethylene of low density - A 


• 45 






62 


45 


45 


50 


Linear chain polyethylene of low density - B 




30 












Polyethylene ofhigh density - A 




10 


52 








8 


Polyethylene of high density - B 
















Polypropylene - A 


15 




20 


4 


15 


5 


8 


Polypropylene - B 




10 












Modified polyethylene of high density 




25 


25 






10 


10 


Modified polyethylene 


10 






•4 


10 






Magnesium hydroxide 


90 


50 


110 


B0 


30 


200 


120 


Red phosphorus 




2 




1 








Flame retardancy (horizontal burning test) 


P 


P 


P. 


P 


U 


P 


P 


Wear resistance (blade reciprocating method) (unit: number of 
times) 


119 


159 


62 


37 


738- 


12 


54 



6 
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Table 2 (continued) 





C1 


C2 


C3 


C4 


C5 


C6 


C7 


Tensile strength (unit: MPa) 


13 


11 


14 


' 8 


26 


6 


'13 


Elongation (unit: %) 


690 


430 


454 


591 


510 


298 


401 


Chalking resistance 


P 


P. 


U 


P 


P 


U 


P 


Extrusion processability 


P 


U 


P 


P 


P 


U 


P 


Flexibility 


P 


P 


U 


P 


P 


U 


P 


i Where C denotes comparison sample; P denotes preferable; and U denotes unpreferable. 



As shown in Table 1 , in examples 1 -4 of the resin compositions of the present invention, the flame retardancy, the 
chalking resistance, the extruding processability, and the flexibility are all preferable. Further, the wear resistance is 
also preferable because the number of reciprocated times ofthe blade is much more than 300 times, which is the target 
value. In addition, favorable characteristic values are obtained in the tensile strength and elongation of each wear- 
resistant and flame-retardant resin composition. 

In the comparison samples 1 and 4 in which the melt index of the copolymer of ethylene and vinyl acetate and the 
content of the comonomer are out of the specified value, the wear resistance and the tensile strength thereof are very 
low. In comparison sample 2 in which the melt index and the density of linear chain polyethylene of low density and 
the durometer hardness of polypropylene are out ofthe specified value, the degree of the wear resistance is low and 
that ofthe extrusion processability are also low. In comparison sample 3 in which linear chain polyethylene of low density 
is not contained and the copolymer of ethylene and vinyl acetate is contained at a low proportion, an appropriate wear 
resistance is maintained, but the degree ofthe chalking resistance and that of the flexibility are low. In comparison 
sample 5 containing magnesium hydroxide at a proportion lower than the specified value, the degree of the flame 
retardancy is low. In comparison sample 6 containing magnesium hydroxide at a proportion higher than the specified 
value, aii the evaluated characteristics other than the flame retardancy are unpreferabie. 

In the comparison sample 7 in which ail the material components are mixed with each other at the same time and 
then the mixture is kneaded, the degree of the wear resistance is very low. 

Although the present invention has been fully described in connection with the preferred embodiments thereof, it 
is to be noted that various changes and modifications are apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the scope of the present invention. * 

Claims 

1. A wear-resistant and flame-retardant resin composition containing components (a), (b), (c), (d) and (e), such that 
the parts by weight of each of the components (a), (b), (c), and (d) is not less than five; the parts by weight of 
component (a) is less than or equal to the parts by weight of component (b); the total of the components (a), (b), 
(c), and (d) being 100 parts by weight, and the parts by weight of the component (e) is 40 to 150; wherein: 

the component (a) is a copolymer of ethylene and a-olefin having a melt index in a range of 0.1 - 5 g/1 0 min., 
containing a-olefin comonomers in a range of 10 - 30 wt% and containing one or more oxygen atoms in the 
molecule, 

the component (b) is linear chain polyethylene of low density having a melt index in a range of 0.1 to 5 g/1 0 
min., a density in a range of 0.920 to 0.945, and a durometer hardness of 50 to 65, 
the component (c) is polyolefin having a durometer hardness of not less than 60, 

the component (d) is unsaturated carboxylic acid or polyolefin modified by a derivative of unsaturated carbox- 
ylic acid, and 

the component (e) is a metal hydroxide. 

2. A wear-resistant and flame-retardant resin composition according to claim 1 , wherein the component (a) copolymer 
of ethylene and a-olefin is selected from the group consisting of copolymers of ethylene and vinyl acetate, copol- 
ymers of ethylene and ethyl acrylate, and copolymers of ethylene and methyl methacrylate. 

3. A wear-resistant and flame-retardant resin composition according to claim 1 or 2, wherein the component (c) is 
selected from the group consisting of polyethylene having a high density and polypropylene. 
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4. A wear-resistant and flame-retardant resin composition according to claim 1, 2 or 3, wherein the unsaturated 
carboxyfic acid of component (d) is maleic anhydride. 

5. A wear-resistant and flame-retardant resin composition according to any one of claims 1 to 4, wherein the polyolefin 
of component (d) is selected from the group consisting of polypropylene, high density polyethylene and low density 
polyethylene. 

6. A wear-resistant and flame-retardant resin composition according to any one of claims 1 to 5, wherein the com- 
ponent (e) is selected from the group consisting of magnesium hydroxide, calcium hydroxide and aluminium hy- 
droxide. 

7. A wear-resistant and flame-retardant resin composition according to any one of claims 1 to 6, wherein the com- 
position further comprises a flame-retardant assistant. 

8. A wear-resistant and flame-retardant resin composition according to claim 7, wherein the flame-retardant assistant 
is selected from the group consisting of hydrotalcite, silica, carbon black, zinc borate and compounds of phospho-. 
rous. 

9. A wear-resistant and flame-retardant resin composition according to any one of claims 1 to 8, wherein the com- 
position further comprises anti-oxidant, lubricant, dispersant, copper inhibitor, crosslinking agent, crosslinking as- 
sistant or colorant. 

10. A method of manufacturing a wear-resistant and flame-retardant resin composition according to any one of claims 
1 to 9, comprising the steps of: 

kneading compositions (a),(b),(d) and (e); and 

adding the component (c) to the kneaded mixture of the components (a),(b), (d) and (e). 

11. A method according to claim 10, wherein following the adding of component (c), the mixture is again kneaded. 

12. A method according to claim 1 0, wherein the method further comprises coating the composition onto a conductive 
core of an electric wire. 

13. An insulated electric wire comprising a resin composition forming ah insulating coating on a periphery of a con- 
ductive core of the wire, the resin composition being according to any one of claims 1 to 9. 
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